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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Cambridgs 39, Mass, 
OFFICE OF C.S, Draper 


Memorandum to; Captain W. H. Buracker 


From: Dr, C. %. Draper 
Date; September 4, 1946 
Subject: Thesis Work of Lt.Comdr. Alan H. Yates 


Lt,.Comdr, Raymond J, Sohneider 
Lt,.Comdr. I, Kinter Blough, Jr. 


The officers listed above have recently sub-~ 
mitted a Master's Thesis entitled: 


"Performance Analysis of Certain Components 
of Fire Control Equipment for Bombing," 


Intelligent attacks on a number of difficult 
experimental problems uncer unravorable conditions resulted 
in a creditable thesis, A great deal of initiative and in- 
genuity was required to finish a considerable portion of the 
work originally laid out as the thesis project although 
delays in delivery of equipment seriously reduced tie effect- 
ive working time available, The officers involved are to be 
complimented on thse ability they have diaplayed in their 
thesis work, 


/s/ Cc. S. Draper 
Chairman of Graduate Committees 
Department of Aeronavtical 
CSD: pm Engineering 





Library 
U. = Nava] Pos} 


graduate Schoo] 
Annapolis, Md, 








; 


Submitted in Partial Fulfillment of the 


Pogulremants for the Degree of 


frou the 








August 2h, 1946 


Ve hereby subsait the enclosed theels entitled 
"Performance Analysis of Certain Components of Fire Control 
Bquipsent for Bombing Aircraft" in pertial fulfillment of the 
requirements for the degree of Mester of Science ‘rom the 
Maseachusetts Institute of Teebnology. 


Respectfully yours, 
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Centrel "tation Fire Control Syster eo inetalled in the (. 5. srny 
Air ‘orces' heavy bomber, type B27. Sesentially, the computer con~- 
siete of six servomechaniams which position qpers, “wagrle sticks”, 
ing signals sent from the sighting station for bellistic and lead 
corrections developed within the comuter and transmitting the 
resultent gun orders to the firine station. 

In their report the authors have presented results of de 
tailed tests on three of the servomechenism channeis, the onge Input 
Ghennel, the .simuth Input -hannel, and the Jsvatian Input chammel. 
Tests woro made chiefly from a transfer function viewpoint. ertaiz 
atatic sensitivities within the equipsent were meesurec. The /ltitod 
and Airspeed Input Channel end the Asimcth anc levation totale correction 
Channels were net tested in thorough dstadl since cert2in sesential mits 
of the system were not avaiizvlee forever, other pertinent information 
on theese channels is presented ineofar as experimental determination was 
possible. 

briefly, the chief results and conclusions may te listed as 


1) Tho scrvomechenig: channels are properly damped and 
atable tut bave a rather low rosanent frejuency. 

2) Maximum speed of follow-up in thece chartmls, as linited 
by the driving meteors, ts too slow to hendle aodern, higtvelecity 
probleas. 





3) Solution time is relatively long, and is approximately 
propertionsi to the amount of total correction required. 

i) The overall computer performance is limited by the eoa~ 
tector or discontinuous type of servonechaniasma used. These funetion 
as proportional type servos, ami as such have steady state velocity 


Cuaryea I 


Drewes 8 

With the advent of large bember-type aircraft, such es the 
Air Porces' (29, and the necessity for protecting theew aoircreft 
from enemy fighters, application of fire control principlea te air 
craft armament has become feasible and neceasary. Current applica~ 
tiomof these principles fellew two distinct lines. They are: (1) Be 
disturbed reticle type of sight, such as the k. if or the t-1, the 
latter described in deteil in Detailed Theory and Gmwusstions for the 
jal Sight for the Control of Gunfire from Fixed Ques, focketfire, snd 
Bombing from Aircraft by Lr. cS. @. Draper. This type of gystem, in 
brief, involves a line of sight kept on the target via a reticle which 
ie offeet from the gun line by the amount of correction necessary to 
insure that the projectiles hit the target. (2) The fixed reticle type 
of sight, which empleys a computer to offeet the guns for lesd correce 
tions, such as the General Flectric system used in the +29 aircraft. 
The latter installatien is descriveé in U. ©. tray Technictl rter, 


11-7GA-1, The Gentral Station Fire Gentrol fyster. 


the present problem involves the fixed reticle tyye of gun 
director. The system that is used in the @ir ~orces!' B=29 aircreft 
resembles closely that which is used aboard sodern ships of the Mivy, 
ant, es fur as is knewn,represente the first time that the type of 
systen has ween applied to aircraft fire cemtrol. {t is referred to 
as the fired reticle, central station fire control system, and in 


general, consists of: (1) A director station in which a Line of siphkt 


is ectablished to the target and is hept there by ereper trecking in 
accordance with the taryet sotien. The directer hes a fired treeking 
index or reticle which meves integrally vith it. (2) A commuting 
atation to which information from the Girector ia sent to be properly 
combined with such additional data as is necessary to compute a core 
rect gun erder sigal. (3) A firing station, or greup of such statdéons 
which follow the gun orders ss developed wy the director end the com 
puter. Wedern central station fire contre] systems utilize servemechs- 
niem technique to render the operstion of the systee almost cospletely 
sutometic from the director through to tho firing station. In theese 


syetees the three vasic divisions beceme more erphaeized. 


In the disevasion to follow, 26 well 4s in the subsequent 
chapters, the terminology used is due te the 0. °. Aray Technical 
order Ll-79%-] previcusly cited, with the sdditione thet the terns 
"synchro" end "“Selsyn" are used interchangearly, and “servemechenian"” 
is uged to indicate a follor-up system. In the diacrams, dotted lings 
are used to indicate secheniceal linkeces, ane’ unless otherwise noted 
full lines sre uned to show electrical wirloa, circuits, constants, and 


wnite. 


Cage 1 is a schematic die:rae of the central station fire con= 
trel systen which is used in the 029 type aircraft. The figure shors 
in the blocka the three divisions typical of this fire control syetem. 
it will tbe noted that each of the divieions, the sighting si#tion, the 
cOmmuter, and the turret, are mechanica.ly independent; 1.e., they ara 


connected only clectrically. In the sighting siation the guncer generates 





ing the sight heac. Here, as in Ghe turret, the signel system is con- 
posed of one and 31 speed synchros to provide the necessary acoursuy. 
Te signal appears ae a voliage in the computer differential emehre, 
ani is there modified by the amount of bhe correction. free the rotor 
of the differential synchro the signal goes to the stator of the turret 
syachro control transformer where it may rwnerate an error signe] that 
will slign the guns to hit the targrt. fic. 1 shows only one plane of 
eetion for the sighting slatien and the turret drive. ‘he eetion in the _ 




















other plane, either azimuth or ele vation ie obtained by snother éxactly 





sinilar systes. Wowever, both the azimuth and elevetion servemchanisne 
use the same computer. 


The servomechaniem driving the turret 4s characterined by the 
seplidyne and is entirely electric. Mrisfly, suppesing the campeter to 
ve turned off ant the synchro differential rotors to be aligned with 
‘heir stators; then a signal voltage is sent from the synchro generetors 
@irectly to the synchro centro) trens/orwer in the turret. The turret 
is mared to the rotor of the control transformer. "uppose that the 
turret is in slight misalignment vith the roter of the generator. ‘Then 
an errer voltage appears across the control trensformer reter terminals. 
This voliege is transmitted to the servo-amplifier which applies recti- 
fication and power amplificetion to 14 and uses the resulting current 
which is still propertional to error in the azplidyme control fields. 
The @aplidyne is the final power amplifier for the servanecianiea and 


sencs & controlled emewnt of current te She turret ¢rive ewtor armeture, 





The metor hag a eeparabely excited field; hence, the torque and speed 
motor receives its current it turns in 4 direction to align the turret 
parallel with the direction of the synchro generator roter, thus can- 
celiing sut the errer voltage in the control transformer reter. The 
turret drive servomechanism has characteristics which may be made al- 
most anything within the limite of a position control servonechanisn. 
Uepending uron the design of the serve amplifier, the aeplidyne, and 

the turret drive motor, it may wary from almest critically damped to abe 
solutely unstable. Suypesedly the system will be designed to have 
characteristics most desirable in ite soplication. 

It ie important to nete tere, as indicated by ig. 1, that 
there is no fesdback or coercion between the turret and the computer 
or the sichtiny station. The eximith and elevation indications of the 
guns are fed to the computer frem the differential synchros in the com 
puters hence are not necessarily the actual gun positicn. the other 
hand, the sichtine etation and the computer are intimately related by 
the lesd gyroscopes and the ranging device. This peculiarity maxes it 
poseible to study the computer independently of the turret, but not of 
the siehtine station. 


In particular, the problems at hend deal with the computer of 
Central station fire contre] system that ie used in the Air forces! 8-79, 
The computer involves six servomechenisms. <Actvel computstion is dene 
cechanically vhen the servo moters position the various gears, differ 


entials, worm gears, and “waggle sticks’. tig. 1 indicates thet the 
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(1) and (@) Azimuth and elevation comrute? gun pesition from 
the 4ifferential synchre rotors. 








(3) Range frem the range potentiometer positioned by the cum 

ner at his sighting station. 

(4) True air speed, density altitude obtained as « eincle con- 
trolled voltages from the handset unit available in the 29 
to the navigator. | 

(S) #m@ (6) Selative velocity of the target with respect to 





the Cummer's aircraft mecified by projectile time of 
flight to give lead; furnished by two gyros in the sight- 
ing station and a time-of-flicht electrical network in the 
‘ig. 2 ia a schematic bleck diagrem of the computer which shows the 





eseentiels of the six wervomechoniams and their sechanical Linkapes. 





Wate ITV indicates some of the electrical] and mechanical ceteile of 





the potentiometer resolver and the axis converter which together afford 
ihe adjustments to the total correction motors. lates Ii and [II give 


front ané back views of the computer. Mere salient visible peints of 
interwst have been labeled. 


The operation of the computer is beet described bp taking t= 
exaaples. in the first cese, suppose, for example, thet conditiens ere 
set ae follows: The sighting head at the sighting svation is started 


weving in azimuth, but not in elevation. No range is being put in. Te 





altitude end airspeed remain constant. In ether words, oaly the lateral 
component ef lead ecrrection is being considered. The angular velocity 
ef the sight head eawes the azimuth cyro to preeers, closing a contact. 
tris, in turn, energizes two relays esusing the atimuth total correction 
moter to turn ia the proper clreetione The teteal correctien motor is the 
serve drive for the rotors of the different&al selsyns (voth 2 and 32 
speed). Wecessary feedback occurs since the totel correction motor also 
datives the axis convertere “he axis converter positions the potentio- 
meter resolver, which sets up a voltage to eatablieh a current in the 
gyro erecting coils to precess the gyro off the contacts. The letter 
coneitions hold constant as long as the sight head moves at a comiinuous 
rete. That is, the gyro erecting coll hes gust sufficient current to 
keep the cyro off the contact. In positionming the roter of the differ- 
entiel synehro, the tetal correction moter, through its gears, has modi ~ 
fied the sicnsl from the sighting stetion by the amount necossory for 
Jesd correctiane 

ts a second example, consider that the sight heed ia being held 
steady in both osimubh and elevation, thet altitude and sirspesd sre con~ 
atant, wut thet the gumer is ranging ona terget. It is presumed thet 
the rence servo channel in the computer is matetiny verfectly the renge 
gienal sent from the sighting station. Through 4 mecherical linkege which 
coaverts rotary to lnteral motion (the pantograph and wycle sticks) the 
potentiometer resolver is again positioned away from meutrale Thie action 
again sets w a voltage te drive current through the gyre erecting collae 
Sinee, in this cape, there ia no lee correction, and no toryjue cue to 
anguler velocity, thera la no torqua to counterbalance the torjue see w 


by the erecting coil. ‘Therefore, the erecting coli torque causes she 






powr oal tiem the rotors of the differential synchroa, wieh io tum 
Mo veworthy Tects aay be ent down pertaining to the computer and its servo- 
ecoctaniam. here sre: 
(1) the range, eltitode an! air speed, and azimuth and clews- 
tion ditferewtie] synchro positioning servos sre of the 
potentiometer type. 
(2) Re azimuth and elevation correct gun position input servos 
are of the synchro type. 
(3) S11 six of the servomechani sme are of the se-called contact- 
er typee That is, the error signal is amplified aad then 








used to open end close relays which latter actually supply 
the driviag current to the servo moter. 

: (h) The computer end sighting stetion are intimpetely related by 
the lead computing gyros in the sighting tation in that all 
correctioms gumerated Ly the camputer must go to the sighting 

y sition before becoming oun orders. 

As originally sat up, it wes proposed to investigate oll six of 
ae enrvaweomm am iu the computer froma the [ransfer Locus viewpoint as 


yreemibes wy {r. +. @. Mull in his pm lyst S and Symthaie of Linaar “ervo- 
moleciggs. Wish thls viewpoint in mind, of course it is esmuned thet tbe 





further, it was decided to obtain ew meny static sensitivities sa poes~ 
ible. hen, if time permitted, the transient respome to step functions 
of the servomechtaniams rere to be invastigted ss swyperved wy Tre Te eo 
, Snelysis and by Dre G. S. Srown in Transient 
me “Ath the steve chsracteristics 
pace, Wb tha edit of We copter & pedis bel Get te 
predicted in afvanea. It was then proposed to set up a synthetic prebler 
for the computer, put it in to the machinery, and observe the eccuracy 
of the results spoeuring at the ontput of the differential synchro reter. 






Gost. of the above outlined program nacessitates the use of » sighting eta- 
tion. infortunsately, that did not beeome availallee Swnee, the procedure 
med te be modified te imelude studies of caly Uswe of the serve chamsle, 
thowe of azimuth, elevation, and rance; end certain characteristics of the 
total correction moters. 


In che subsequent presentation of rasulte the not#tion used Le 
that of Gre. Draper, Srewn, am] Wali eas civen in their previously cited 
workse ‘he sinuseidal escibletor, shown in /late I, eas built for this 
and previeus experiments Ly the authors. The computer dealt with is the 
sommullied "Siagle perellex" veriety, Vodel 208101, cemuting gun orders for 
only one firing station. | 






wang Lagah to the computer sechwaiea is thromh on sleotrios] 
oh tbe eight heed ith o stadioawtric type reticle, sijurtmant of whiah 
| wpa the whac of o target airplom, sets the controlling potentiometer 
or von in the cagputer responds to this cigs] ead @rives the 
=e eured welue of reage iato the cechanise. 

Tie aaplysie of the range imput ohemel is aade with three 
myer am: | 
| 1) Investigation of the cenerel performance of the besic 
eervonsnlernd sm as such, iseluding transfer loeus and velocity error 
ftadles. 





















2) txeeriamntel deterzination of the stathe input to oatpyt 
emma Uvity of the aaannel. 
3) Investiowtion into the maxims range rates to wdch tae 





eyoter can respond. ; 
In the Grtedled discussion which follows, theese three topics are wept 
peparale ae far @s powaitle, thowh a certain amount of overlap in seope 





le ewreldedie. 
Se servo syste wes investieuted throwh appliastioa ef a 


wiemecd4el forcing functien on the ingut petestionster. E=isureawnt of 
Lae pom an ‘e,) emi ovtput position (&,) were made sigultansously in 
oth @aeml tute a%! phese Oy are of a cethods rey onal llosespe. 


@ sisplified leyout of the renege chennel is show in Mie. 3. 
This figuee further shove the edd tional circuit required to Lntreduce 
the cathode rey cecil llosecpa inte the system vo as to properly balenes 
out eny flame voltage levels, since © ani 6, were both decired ws 
functions wirying sinusoidally sbout a zero reference Level. 

lee of the cathode ray cscillossepe for measurement of the 
two yumantities, @, anc Ss With their phase Cifference ie clesrly indi- 
ented in Fig. he Syeten error, which will be written as §, vith ft « 
€, - G5. ight have been measured instead of @, or &, and titls techalque 
ia used of neeessiiy in later parte of the works The calculation of 
veetor | is easily done by veetor suttraction of @ from 6, en) in the 
usm ease FE is found to be lmacing the input, @- The ratio 6/1, de-~ 
figed #s the transfer function of e serve aystem, is found by vector 
Gi V2. SL OTle 

fhe sero position of @, wee chosen ts 37S yarda range ond the 
emplitude of oscilietion shout this value wes set at 2G yarde. It me 
evident from enalyzis, ag wili be brought out in s later dlscuweaton, 
that the range civannel. was not Lineer throwhout ite range of 250 te 
1500 yards, but an investigation of the servo performance in one section 
of ite range ms considered sufflelLent to shew general perfornmenee. The 
frequency of imput wan veried from about Oel® to 3.7 cycles per second, 
thig variation cavering the usable rane of the device. 

tmte obtelned in thie investigntion is recorded in Table [, 
eaieh also includes the s ditions] items calruleted ex nacessery to 


parmait piotlim, of the sten@erd trensfer-locus curves develeped by Dr. 



















he | 
Ms MLL A Oke pper ain, “Tae Gmelgaie emt epmBaneL of mar 
"+ The Patho of oulpat to immt, ©./6,, aith meguivate 
acd Pinter plotted omperetely, is stam in Tig. Se The tremefer-lecus 

Of the «ystem, ©,/5, Le plotted on polar coorciustes in plandard serve- 
Cetheonsm fashion and prosmmted in Pig. fi. Thewe two plots iliustrase 
like yortimmane sf the aycian and bring ous aS] salient ctescsensiben 














It must be noted that, wile the transfer-locus aethot of servo- 
@ohenken srmiysis a6 developed by !r. fall in the reference previously 
Cite) «es primerily directs! toweras continuous system, its spelicutian 
te & Gecontinunus system, relay-contactor controlled type in this case, 
‘Peoults in * locus plot quite similar to wimt wight be expected of a 
 Coanous syetem. The individual @iseontiauities are small with refer- 
(Onoe be the overall spersting region and are effectively smoothed by the 

_ eet ead (Pictioms] damping of the »eohmmicsl portions of the systea, 

(he permitting 2 general analysis of this system along the well~developed 
pastera of eoagtinuous eervosachar sma. 











Tie Wransfer~locus, fg. 4, shows the systex to lsve the ge@eral 
form of # proportional servo througheut its operating region. Por this 
\ype af servo the charscteristic eyustion may be eritten as: 








JoBe + fo% + Kay = key 


wire 
44 i the effective mares of the system reflected to the output 


waft; 

f, ie We affective viseous Gemping of the system reflected 
be UM oulgut oheft; 

& ite Mw proportiomlity Cector or sxbn constant of the 
=yeler. 


Be tofu, + We a Whey 


where lo is the matural fre ;ueney of the sygtem = 5 


and \ as the damping constant of the syeves == f5 
2yEe, 

° 
fesuming that the system operates as oa alaple sreportional serve 


then, it obeys the Laws of the 2ac ornker differential equstion. Troms 





Wig. 5, of @,/%, the moximua value of the resonance function, thet 1a, 
S/F (ma) = A(mex), is foun to be 1.2] omc this maximun occurs at 6 
forced freyuency of 0095 cycles per pecont. Vtillaing the carves of 
Fisten § end 12 from the pamphiet entitled “lartrument inealyeis’, by 
iref.e Co “eo Snmper ant Salter Eosay, entering with this resonance data, 
the value of the camping constant, 6 , ean be determined an? also the 
values of the frequency ratio, [2 a OS, at wach YOSOMNIGN VSCUTS« 5 is 
thus found to be OshkS and BB cnnse) to be 0.80. The resunent frequency 
of the servo Gay then be calculated as aoe = 1.187 eycles/sevond. 
Thies value of owtural frejuency is soawbet low for a good tervomechani am 
though the value of § is within tie range of uswel engineering preetice, 
De to Ua7- 

sovuslly, the tranefer-Leews rises Above vhe negative imaginary 
axis on the polar plot, Fig. 6, imdicatiag the existence of seme higher 
erder effecta than writtea in the simple proportional equation end this 


exintenoe La verified at ones by the plot of the plmee enele of 2, 


13 









g Mrevemmy, Me- 5, wach Giffers comsidereily fron vee wun) form 
© seco offer eyutian. these tlicher order effects ore useful in 

Met Uhey Veal to improve the response of the aechaaism, perticulerly 1n 
redusi.ng the value of error at velocity imputs. ‘uch an iaput is the 
wecl case for the rage servo since it represents a range rate laput. 








Louth chem] was made tirvagh 2 series of velocity imuts. She ragge 
of the owtpat in following ite input was seasured on a calibrated cathode 
‘Ry cetl llasoupe. he non-linearity of the system was neclected md the 
input range rete wes computed on the tasis of the time to clove reac hy 
000 gurds, in the soale region 1200 yarve to 100 yards. Urror me 
eeneured io voles «nm! conversioa from volts to yards is poseible through 
q@ee of the rare pensitivity curve later obtained. As a qyumatitative 













eeesare this portion of the work is somewhat inaccurate by reasun of the 


cor-Liaearity of the syste and its verying sensitivity from aaxiaum to 
= rimom rete indication. suslitatively, however, the results imiicate 
the ovter of error «t various ranye rete inputs, sn cive em exact vales 
of the cexrigm error to be expected. 


cmta was taken for range rates fren 37 to 333 yerde per 
ancam!, corceepondiag to closing attacks from 75 to 631 ables per hour. 
Orrer in valle at the input to the servo amplifier correeyondiug Se Use 
wkrieow remue retes ie recorted in fable Tie Whe clot of thks error 
verouws rales rete in siles per hour i¢ gives in Mig- 7- This plot is 


Uy 


that the mechonem performence eyuation is of second order, that is, of 
the Tor: 
a, +2(4e, + wee a W 





& 


mi 2 
the velocity error for any angular rate input can be theoretically cal- 
culated, neglecting imiial translents, es: 

we 4 

Wn 

Derivation of this stescy state error term may be Cound on pages 11-12 
of the paper entitled, “Transient bebevicur and ceeign of Serverechaniame*, 
by Dre Jordon 4. Trowm. Thies is a iinesr equation ané its plot should 
pees through the origin at sero input yeloeity. The experimental dete 
shows the proper linear relatioenshiy, but does not pass threugh the 
origin. the value of errer at sero velocity input ie then the sindiwes 
error to which the channel will respond to its input and is of the order 
of the noise or hash level in the system. 


Txperimental evaluation of the input to cutput sanwitivity of 
the range channel wes made at the computer. Overall sensitivity of the 
range system from the signt to the computer should obviously be unity, 
thet is, 2 given range as measured at the sight reticle must be eventually 
transal tied to the computer cerrectly within such mechanietl, el-ctrical, 


and computational limits of accuracy ag my be necnesary. 


\ simple siadlLagetric ranging walt Bemeures range es n fune~ 


tion of @ luge lencte ané an angle. The output of sucr a system as 


— 
















: 
a mas Mig. 5 may be written oa: 
be . ots where ns bese Length, sing span 





6 = enele sudtendad at esesuring 
station by the bese levwth 


RP os vrenge in units of the base 
length. 











computer sumt follow, it is prefereble to write the previous egustion 
an on ie B+ The eywstion my be further transformed to « 
logeri temic form as: 

® = tan™ (antilog (log. n + log ®)) 

llg, *eoouee of mecharical limitations in construction ef the 











fwikele forming slots in the sight unit of this systue, it war found de- 
‘mireple to further modify the input term? te = funetion of & other than 
Peaiprosal ss called for in the previows equstions. The final result 
Ven written as: 








* = ten? (antilog (log n+ log f(2)) ) 
hls worewtet cumplicated relationship is generated at the sight ant de- 
livered «» the input angle ® to the reace transmitting poteationeter 
thwwugh «© non-circular gear train. #, is then eaeeered at tho computer 
throagt 2 setehing set of non-linser gears on the 6 potentionster, the 
(wt gueclt beim delivery of range values (rom sight to eampeter at a 
rensiMvity of unity. joth input and output potentionsters are thanselves 
linear within meaufacturing tolerances. 


f FO g 





Cemsitivity «t the computer was peasurec in terme of yerde 
output meme per volt imput from the error peasuring ©, unm! @, 
potentiometerse The method used to measure this sensitivity ie ex 
plainal (n conjunction wlth the clreuit eonneetiongs as ahomm in Mige Je 
Certein ranges were set on each of tum petentieanters connected 40 a8 to 
alternrte as tne €, iaput by thea throw of a couble throw single pole 
seiteh. These rences corresponded to acfacent seri bed values on the con- 
puter internal range scale, thus setting a mean range unc 4 range incre~ 
ment between the potentiometers. The computer wes then allowed to fellow 
one of the input @i gnals to its set rangee [irect current input to the 
range follow-up moter wes out off end the "ITT avi teh throm to the 
ethar potentiometer. ‘rror voltage developed for the known range inere- 
mewttl was then reed on a wacwun tube voltmeter, Newlett Packard typo OOS. 
The sensitivity thas obtained, labeled $., was computed us ae in units 
of yards/volt and defined ag existing at the mean rare between the two 
ranges set on the 9, potentiometers. ®ealdual srrore were also neasured, 
these being the error in voite still existing after the computer had 
matched the input signal as closely ae possible. These errers correspend 
to the hagh or noise leval previously mentioned and are the mini@un voltage 
errors required ty Sse range channel for eny response. ‘Sensitivity data 
thus compiled is presented in “able III, and a plot of Spy, VOreus mean 
range is given in Mige 10. Pius plot shows an elmost linear incresse ef 
range eensitivity from minigun to maximum ranwe linits of the computer. 
Yousitivity inereenes from about 5 yards/volt st so mrnimawn range to 33 
yerds/voli at mexigum rane. This egrees yunlitetively with the theoreti- 


eal equation previ vualy written for input to the trangmitting potentiometer, 


7 


| dh plots qwmerally ns on oxe—tangumt carve ant ie subetautlally 


Linear in the early part cf it rape. 

Prom the velocity stuly previowly distusee! ea! is conjune- 
tiem with the sensitivity curve of "Le. 10, it is possiole to calculate 
Ube exximem errors in range likely to be Present st any yiven raage 
mete. he largest error voltage seesured ms 1.100 volts «et 691 xilee 
tivity Ls approximetely 35 yards/volt, the range error woulé be anly 
stows 95.5 yercs. Secterally, the range error Gue to range rate is 
considembly less then this waximus. ‘lence, it is clear that velocity 
error ceemed Sy the incoming range rote is not a serious calme of can 
pwtetiom1 error. However, analysis of the anximm@ rate of range in= 
pot, whheh La lisited by the seximu speed of the range follow-@ sotor 
Goes shew some serious deficiencies. 

‘Tan ectwml relation between input renge 0 amt the angle X , 
@prepeed in racicns, of the rotation of the motor output geser fron 
some @uitably chosen initial j;esition, is clven by the following foraula: 


wee, * * an tens 5 = 4712 tos, (1 + 120) 


“aes from ec pamphlet entitled "Renging in Gefense of the 629 Aguinet 
Meet 6outere” by ©. Ce Lewis. 


Peking tae time derivative of this e)ution: 
rr = tp \z 


= 2 001216 r (® ~ 120) 
“here © = rewolations pw wncte of the setor outedt gear 


= © da - 
Tr wel if 8 aeclem se! 9°90 revolutions mw abmyte. 
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Prem this feneula a teble ean be computed of the maxim range 





rate possible Cor the computer te follow at various input ranges. uch 
a comutetion ylelds the deta presente’ in Table TY. Thie table show 
that at ranpes less than 1000 variis the computer cannet follow a range 
rate of 700 miles per hour, which value might easily be experienced in 
a nowe sttaek. As the range closes to 500 yarda, which is the uoual ef~ 
factive-open fire range for en a.tacklng fighter, the maximum input 
range rate is only 373 adles per houre This cnalysis clearly shows thet 
the greataat limitation on the aecuracy of the range input is the mad- 
me speed of the range followeup meter. for satisfactory rence input 
in an attack problem at speeds of standard service eireraft, the follow-up 
mover sheuld run at about tedee its vreeent rated speed. 

Necapitulation of the resnite obtelned in the awmilysie of the 
Wange Input Charivwel ma, be mde as follows: 

(1) the Tange Input cervonschaniem approxismtes the simple 
propertional type, with a satural ¢requency of 1.107 cycles/second snd 
@ damping métio of Oekd5. Maximum value of the resonance function, 
&,/%,,-is 1-20. 

f2) YVelecity errors in the systaa result in a mexleue error 
in range of about BO yerds at « 7O0 mile per hour clesing range rete. 

(3) Moise or hash level in the error chennel everages about 
OeS volie, equivalent to about 225 yards at minimem renge and increas- 
ing to ebeut 13.0 yards at maxnimm rance. 

(Lh) Maximum range rates to wiich the channel can respond by 
rarson of tne followup seter speed lixitation become increasingly wre 
watiefactory below 1000 yarde preeent range, until at rames belew 500 
yerde, ihe system is wieble to eset range retoa rejulresents in defense 


againgit most normal attacks. 





CHAPTER III 





VATION AND AZIQUTH INPUT CHANWEL OF THE COMFUTER 


The elevation and azimuth channels to the computer are electre~ 
mechanicel servomechanisms. They are selsyn type follow-up systems. In 
the computing system, the selsyn signels from the sighting station are 
introduced into differential selsyns in the computer which alter the sig-= 
nal by the amount of the total correction. The signals are then sent to 
the contrel transformers on the turret and from there to the servo am- 
plifier and finally position the guns to their correct position. The 
azimuth and elevation pun position systers also contain control trans- 
formers in the computer (only one speed selsyns used) which are connected 
in parallel with those on the turret. Thus, the corrected gun signel - 
which is fed to the azimuth and elevation turret selsyns - is also fed 
to seleyns in the computer, Since the computer's azimuth end elevation 
channels are almost identical, only the azimuth function will be de- 
scribed. Investigations were conducted on both channels. 

The rotor winding of the azimuth selsyn control trensformer in 
the computer is connected to an amplifier in the computer. The output 
of this emplifier actuates a relay system which in turn supplies power 
to a small followeup motor. This causes a shaft to rotate, which gives 
the computer the correct value of gun azimuth, as well as driving the 
reter of the selsyn control transformer. 

In order to understand the basic principles of operation, as 


well as the methods used in measuring, 2 simplified computer eun-position 


system is show in Figure li. Assume, for example, that She sight end, 
hence, the l-espeed selsyn reter on tha sichting station are turned 
five degrees in & elockwlse direction. A voltage «ill appear soress 
the roter winding of the computer control transformer. This voltage is 
applied te the tuput transforser ef the amplifier. The pelariity ef 
this voltage ia such as to make the left hand grid positive end the 
right hemd grid negative durlag the half cycle that the tuwoe ia con~ 
dusting (pletes are positive). The left-hand grid will allow current _ 
te flow in the left side of the tube, while the ri ght-nend side is eut 
off. thisa will eaune the operating coil of relay R-CW te become ener~ 
gized, while the eperating e¢oil of R-COY remains de~energized. When 
relay RCP picks w 1% closes its normelly~open R-CY contact, and opens 
ite normaliy-cloeed R~cy eontact. This applies pesitive 27 volts to 
terminal (B) of the moter, end eomects terminal (A) to ground, thus 
causing the wotor te rotete in such « direction as to driw the asimuth 
guamposition shaft ami the selsyn control transformer rotor in a clock~ 
wise direction. The motor will continue to drive witil the veltace 





across the centrol transformer roter winding becomes zero. 

The inveetigation was conducted to study the stetic and dynamic 
qualities of the channel up te the computer azimuth shaft, to determine 
the negnitude of errors intredused inte the lead computing stage by the 
seleyn transmitting system. 

Two studies were asada: 

(1) A study ef the response to a sinusoidal fercing 


fwetion over a renge of frequencies. (@, « 2 min wt). 
(2) A study of the steedy state error at contiant 


speeds «ef rotation. 


deasure of mm 
TL salen 
ee on preps Merete so 

a the control circuit is shown in Fig. ll. 
Se egy in Chapter [1, errer wee mees wrod 
a ee ee 
oe 
a plot of 6,/E- Tete is found in 

Thea 





see u0(s) 


4% - °F 
G& = 0% - E 


~~ 
= KG(5) 
F = NaS) + 2 = O» 
+2 
a 
Begs 
The plot ef @,/E 
may thus be obteined by meving 
te the left y ee 
pa @ distance of one umit. A eee 
slevetion response are shown in Figures 12 and 13. These 
Une syutrms, even theugh they are eontector serves, follow a 
plen of a pood proportiensl servemechani = 
ws 
From this 
plot (0,/E) and data obtained in the Table fer 6,/£, 


uate 
a for @,/e: may be cbtained since 


@n/E 
SJe * %/% 





Phase angle for @/@ is equi te the difference in the phase 
angle of @,/F und @/- ‘These values are tabulated in Tables V and Vi- 

Plots of 6,/@ fer the qgaimuth and elevation channels are 
shew. in figuras Li, and 15. 

The valecity study was concuc ed by driving the selayn gener- 
ator on the inuut at a constant sperd. The elevetion and aazlauth chan 
nele gave aiwilar results,and data obtuiaed on both are incorporated 
inte one Table and plotted as one cuvee Measurements were mede on the 
cathode tay Osellleseope in a esuner similar to the sinusoidal study. 
the error voltage wee meacured as a linear distaace on the osci Lioscope 
sereen. A subsequent investigation permitted this linear distance te 
be calibrated as degrees or mile of error. This wae done by dblecking 
the computer output shaft and measuring the onei Lloscope dLeplacement 
for known arrorse 

The data. for these Luvesticstions is tebuleted in Pebier FIT 
and VIII end the curves of calibration and angular error are shom ie 
Pigures 16 and 17. 

The analysis of the above mantioned data yields values for 
the 5 and #, of the elevation and saimuth chamels. Use was again 
made of the raferences and formulas mentloned in Chapter it. 

Elevation 

yp max = 1612 at W, = 1.h7 aycles/seo 
(from Fige 15) 
§ * $2 
= 7 
Ww 
poe 


7 tel 


Wa =2-1 eyeles/cec 





/ 








oA tb 


JA wae = Ls1T at GH 2 1.28 
(from Pig. 1h) 


@ = .76 
S = U7 


70 = 
On = 1-69 
These values for § are within the range of rood enginser— 
ing practice, O.); te 0.7. The resonent frequency is somewhat low for 
usual engineering practice, but in a cus cirseting system this tyre 
of response ie dealrable. Oscillation of the sight dus te vibretion 
of the e(reraft or movement by the gunner at Nigh frequencies sre 
amoothed out by the pocr response of the comuter at these frequencies. 
The geall value ef at the lowar frequencies is also desireable. 
Investé gations conducted by the Department of Physies, Uiversity 
of “ew Mexico (Teata Related to the Defense and Tactical Use of the 3-29) 





tend to preve that the overell system (turret and sight head included) 
show » wuch larger value ef / , © eualler value for { , and = higher 
Teecnant frequency. 

The sicedy state error intreduced into the lead conputing 
syotes varies almost linearly with the angular rate of the sight. The 
Siro of the errers, though largs, do not introduce much error in the 
ectusl final computed lead. Also, the azimuth and elevation of the 
turret follows the signel introdueed by the sight more closely since 


the turret is fitted with both one-speed and Il<-speed eontrol transfermers. 


The reference noted avove (Testa Related to the Defense and 
Tactical Use of the 5-29) draws attention te the fect that with the 
overull cyutem, the gaz position error «i coustent angular rates iz 
greater wiih the eogputer linked in the system than with the computer 
by-passed and eube Thie errer varies «ith the eaimath. Obviously, 
this larcser error inarement is inixedueed by the computer. Fart of 
the exrer is dwe te the error in the esimuth signal received by the 
cumputiag system at an angular rate. 

fo deternsine the magnitude of the lead exrrer in azimuth in- 
tredueed by the incorrect ezimuth signs). to the computing systen, 
parallax of ferty feet ie aseused. This i2 the approximate value of 
the lergest pexrellex found in thes system. The megnitade of the error 
is further dependent upen range, relative velocity of the target and 
the asinuth ef the targete Curves showing representative values of 
thie error are presented in Figure 16. The followine development wes 
weed to deternine these valuese 

¥ @ Speed of the target perpenticular te the line ef 

siznt ond reletive t© the bombing alroraft. 

R «= Trwe range in feete 

é = True azimuth angle off the bow. 

Lo = Lead angle due to parallax. 

‘Z = trror in asimath angle cent to the computing ayateme 

¥, = Error in lead angle due to error in asimuth angle 

received by the computing system. 

US Anewlar rete of rotation of the sight. 


Was 


tg may be determined from Fige 17 by entering with W ee as 





Then by the lew of sines applied te the simple paralle 


nyo saat 
7 + By) ~ ssa (+ ¥) 


Lp and Ey, are smell angles so 
by = aim Ly 

by + Ey, a win (Ly + my) 

Ltihe ain Bt Kg) 
Ly = ain f 


l= MO fein ony) - ann 6] 
z be (min J cos By + cos # ain By ~ sia f) 
= Ue [coe f win ty + nin f (oon By - 1)] 
cos EY =2 

|") * 2 cos f ain 1 


This development shows thet wiile the error received by 
the camputing systen say be appreciable, the finel errer in lead 
applied to the gum position signal is sell. However, it explains 
the origin of part of lead error introdmed by the computer and 


Tha resulvs obtained in the Asicuth end Mlevation Channels 
may be aswesrined as Tollows: 

(1) the Meleuth end Tlevation servomechant ame approx. mete 
8 simple yropertionual type, with « nateral frequency of 2-1 epeles 
per second in the azimath channel ane 1.67 in the elevation channel. 
Values of the damping ratio were in the renge of peod engineering 
practices 0.51 for the aglmuth ehennel. 0-7 for the elevation. 

The responen of the overall system apnears to ve poorer 
than the comuter slone, and while the computer is vartially respen- 
sible for any system lag, ite iadividual reepense is good and is ef- 
fective in smoothing out sight head seciliations. 

(2) The use of the one-speed selsyn chanwel] eloae in the 
computer resulta in poorer matohbiing with the positioning signal then 
at the guns, end Liuurodcuees an appreciehle error into the comubing 
syctea when the sight heed is rotating. This signel arror results in 


a small errer in computed leac. 








t1M tote and Airspeed taput to the computer mechaaisom is 
Warwuch ©0 electrics sarvomeckanion potectlometer-contrelled, very 
siamllar G We rage alt. ‘ettiags of indiested air speed, ten- 
peruhers, ane barametric altitute are mAs on the Altitude end Air 
Spemd Musdowt Delt located én the omviretera compertmmnt ef the 
i 29. Theme Shree impute are combined at the Mandset tit into a 
simele Cusetion representing true air speed and density altitade by 
a camlicated network made up of fifteen petentiometers. ‘The “nal 
owepet fumetion is transmitted cs a voltage signal to e receiving 
potanti@eeter located in the computer. The amplifier and follow-up 
syvtee reects to error voltage existing betwen input siguel and re- 
ceiver potentiometer in the same manner as the range channel servo. 

No Hendéeet Unit wae available end no data coul4 be located 
to pemdit investigation of this channel for determination of sensi- 
tivity: ‘Spoeelfie deta was net taken for this channel but obcervations 
ware made of its cpeed ef response. The performance is extremely slew 
tnd this ehannel is byfar the worst servomechanis of the computer. 

Instreetions as set forth in the operetional manual for the 
system arc to make settings on the Handset Unit suffietently in ad- 
vane of a firing problem to permit at least five seconds elapsed tine 
for the follow-up system to react. 

Thie ehannel is obviously a weak link in the comuter input 
cystem but Sas beet toleratac on the anaumption that sirapeed and al- 
titude changes will be negligible during normal firing probdleus. 





Tee final cutput ef the camouter consists of a totel cerreac- 
tien agyphied aechtnically to a differential selsyr. generator. “he 
firing stetion then follows the sighting station signal leading or 
legging Cy the amount of total cerrection introduced at the diffe 
ential. Two separate syrtems are used, one for e7imuth correction, 
the other for ely vetion correction. Only the erimth chennel La dew 
seribed indeteil, as the tro ere identical in ceneral design features. 
Reference to the echematic circuit, show in Fiew 19 will aid in eader- 
standing the lead commutetion process. 

Kinemetic lead ig computed oy rate gyresceper in the sighting 
station. Twe single-degrec-of-freedes units are used. Movement of the 
sight in trecking trimgs the gyro cess up apainst contacts en the gyro 
element hevine the effect of closing a eingle-pole<louble-throw ewitch 
te left or right, causing the asianth tetal correction meter te Griwe im 
& correrponting direction. The necossary feed—back path to the gyro 
element is vin a pair of erecting coils which apply an electro-magnetic 
torque on the evro clement in ouch @ direction as te precessa ib away 
from the centact on the case. ‘ solution hes been reached when the 
motion cf the case towards the gyro element is emactly offset by the 
precession of the element away from th: case. Under thew conditions. 
the contacts romain open arm! the total correction moter is stepped, the 
correct cemputation for the problem having been aece and the totel corm 


rection driv@n into the cifferertial wanereter. 
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pemation of #1) itera ivvelves in the total correction is 
# Ste poleotioneter rrewlrer weit. This unit is positioned 


epplied to the cotentionttecr claments is weried throurch a owt- 
TK TRALch receives altiteds and airspeed, yang, and ballistic (shiefly 
‘iiee of flight). The overoll d.c. voltage ef @ volts available for 
‘he equipeent is redmeced to 22.5 volte ty a precision voltage requleter 
omc this weltag is further smtified by the fore-aentioned neteort be- 
fore it is apelied to the resiatance arms of the potentieseter resolver. 
Precession of the gyro element is controlled ty the current through the 
etwotdoy vile wiich,in turn, ie controlled ty the position of the slid~ 
lag m@mlesl«e op the potentiemeter resolver reristence ares. 








The inter-relation of the various items of the casputs* ion 
apetes Le evident from the past diveussien. © coaputation hes ectually 
Ovcurred by the comw ier uttil the total-correctien motors operate and 
Uteew, in turn, do net operate until the sight station is energized end 
trecking om the taryet begins. 

Tw original plan of invostiration into the je riormance of 
“Ukle comsuting system eslled for cetailed exp risental ani theoretical 
sealyris of the keae computing gyroscopes, with ree#re particularly te 
Wei> esveltivity and fre-wency response. Unfortunately, no siphting 
BAstion eovlé be obtained in time to te of use in the preeent project. 

tech time wes spent in a@ncffort to epethesize sn ingest cir 
zit reeeetling thet of the sidst vyro elewents. “Ie cantector type 


of input can readily he devised but the necesesry feedback channel 
dafiews all efforts at, aynthesis. This difficelty ariecs because of 
the aatewr in which «11 corrections ewcoep, that dus to kinematic 
lwed are applied to change the sengitivity of the lead chennel, rather 
ther heving G11 correctione arrive indepeudentiy at a eumemetion wit 
for generstion of total correction. Consequently, & computed kinematic 
lead corragpending te @ elven problex cannot be entered synthetically 
into the computer for analysie, since the sensitivity of the lead channel 
ie a3 variable depending en ail other facters ef the preblem. The fina] 
conclusion of this part of the study ie, therefore, that in any further 
analysis of this fire control system, the computer and sighting statien 
mast to treetec simltaneously rather than as independent unite. 

“uch inveetigetion into the lead chennel es is possible be~ 
comes limited by neceesity to a eimple study of its reapense speed. 
The ietal correction motores are essentially constant epsed. By edreuit 
desig. they ere vet to operate et & slow speed during the firet 1.5 
seconds rotation in reepense te a given signal from the sight gyros, end 
then shift to a higher epeed if error pergiste lenger then 1.5 seconde in 
Lime. The time dsley cireuit is so constructed that the 1.5 sevond delay 
time ic geesured froa each inrtant of centact closing. hie means thet 
wher error is email and contacts are clesing alternately right and left 
with e perlod inca then 1.5 ssconds, the tetal correction moters remain - 
at, slow epesd. Tivh apeed is availeble erly wher the errer signal per 
siste in the same direction for were than the delay time. The ehief 


Sunction of elow epeed operation is te improve the smoothing of prebien 








and reduce the effect of norm] tricking Line discrepancins 
omrege computed lead, 

This type of cirevit design suffers from a fenasmentel Limite 
Orrore, om ostter how larg, sre corrected at slow epwed for 1.5 
Lf the competing tize required is 'n the vicinity of 1.5 + to 2.9 
Vhe ewtor will ehisft to high epeed jest as the coblen pears 
Schutt, veeuiting i overchesting ant Leck of qnesthewes. cor preater 
cm@mpelizg (ime the problem solution is aleays aporoached at high speed, 
EPH, dad Vien Vacb-covrecte’ ot lew spesd, cines the tise delay 
girowit [anctions as soon as tho contact points operate. 

; Owerall speed sensitivity of the leed channels ere costly 
eeaoured in wils of total correction per second. eth slow and high 
gpeed meusitivity were detersined experimentally for each cuaneel md 
REA Caley Lime was also meceured, Thin date is presented tn TeDle fA. 
Ti Vigs. 80 and 21, curves sro drew te show cospwter ee lution 
time required to drive a given total correction vélue to the seleyn 44f~ 






















forentiel ane thus to the pens. These curves are plotted on the secu 
tion of no overshoot in the problem solution and ac instertensous aids 
of eymed at the mover upen the expiration of delay tise. “hile gome=tet 
ideal, the resulta indicate the n time required ty the cempoter 
for any Wotel correction within ite limits. 

pce the cospeter say conceivably be telding a set-up from 
* Orevious problem, the total correction moter sey beve to drive from a 





dead in one diroction cow threugh vero te a lead in the other Sirection. 
The corves of Figs, 20 and 21 are, therefore, ram to include a mosdeum 
total cermection change of twior 250 wila, which is the Limit in ejther 
direction ef the avimuth or elevation channel. 

The study of the total correction cha 





intls which are fendamer 
tally lesd-cemmtine chenvels wediffed in sensitivity te include all 
fire-contrel corrections, iecicates thet the coemuter solution time is 

a variable controlled by the tyre of problem to be solved. “his variable 
relationship ie eesentially discontinuors acd wade up ef two Linear funce 
tiens of tete] cerrection versus time as shown in Fige. 20 and <1. 
Ceneralily, schution time increases wilh the emount of lead required by 
tne problem. 

The characteristies of the head com-uting systes wey be briefly 
summarised ax followr: 

3) Solution time increaser with total cormction required, 
whence it follows that the computer takes longest time to reech 6 cor 
“yect solutien to a hirhn soced preblen. 

2) freblems are slored unduly in their solution because the 
tetal correction system operatas at slew sreed for the first 1.5 seconde 
of solution time. 

3) The overall ection of the coepwter discriminates againet 
the high @#peed prebles where lead and solution time are ereatest, but 
vere the greatest rapidity of selution is needed, since firing time in 
these prebleme is at & minimum, 





ly) The smerer tn which kinetic lead ia introdsesé to the 
coapuler reverts demote eprihesis cf proilexs unless @ sirtt ine 
ovation ie aewellemle to ese in oes junction with the cospwter itself. 





Tach mein section of the computer has been analyzed experi~ 
mentally ond theoretically to the limit of avalinble equipment and 
treated in a separate chapter. Ia this leat chapter ali results ere 
coordinated to present e complete picture of computer performance, final 
conclusions are drawn, and recomzenadations made for further stuly- 

Reeapitulation of resulte is made in an orderly form below: 

1) The @ange Input Unit epproximates « proportional servo~ 
mechernLan, with a naturel frequency of 1.167 cycles per second and a 
damping ratio of O-kkSe The maximun value of the resonance function, 
6/5, ie 1.20. (Referenee, Pigse 5, 6, ami 10+) 

2) Frrers in presant range produced by the velocity of range 
input, ieee, range rate, are e maximum of about 0 yards at 700 miles 
per hour and decrease approximately at a linear rate for lower range 
rates. (Meferenee, Figs. 7 and 10.) 

3) The minimum error existing in the range channel as deter- 
mined by the amplifier and follow-w: motor sensitivity is a vasa 
averaging about 2e5 yards at minimus range and ineransing to 19.0 yards 


at maximum rengee (Aeference, Tigse f anc 10 for intermed: 





te points.) 
4} Range input accurney is limited chiefly by the maximun 
speed of the follow-up motor which is such that range rates of 700 miles 
per hour cannot be followed below 1000 yards present ranges Furthermore, 
this dafect becomes procressively more serious with decreasing range so 
that at SOO yards present range the maximum range rate input ia only 376 


miles per how. (Reference, Table IV for complete tabulatione) 





pevidensd corvenscbeaians with 2 satura frequaagy of 2.1 im tte seieuth 


Gano] ent 1.0) i elevation. Values of the dumping ratio sere in the 
fange vf good excineeriag prectice, 0.51 for szimuth, 0.47 for elevation. 
‘The & fiwrenee ic aeturcl frequency is due to the diffarest syul ment 





| ne Of Rte Eriven by the two igput chemels. Yundamentelly they are 





identities]. (Mwfarwnce Figa. 12, 13, lh, and 1S.) 

6) The ctearly state errors in the azimuth ent elevetion 
qummels reeultiay from input velocities in thase quantities arm appre- 
cisvle and appear in the leed computing system. This is largely a re- 
walt of using only a one-speed synchro femdback syste in the computer. 
The turret servomamlifiers give better resyonse since both one-speed and 
3l-syeed synchros tre used. fhe positional error introtuesd isto the lead 
ooapati ag sytem reeults in a seell error in the computed lew. This 
error ag finally received Gy the guna is within thelr dispersion pattern. 
(Beferense Figs. 17 end 1.) 

7) Tae \ltitude and Airspeed Input Channel is controllad by s 
p@lentiouster servomechenisn very similar to the ange Urit. Its response 
charecteristics are very poor. However, on the assusption that altitude 
wal eirsyeed chagees will be negligible during a firing run, its reapunse 
to owelllations em its velocity steady-state error are of little interest. 
% Keandees Unt ms emilabdle to contuct axperimental teets. 

5) The total correction chamnel operates as an unusual type 
af werveeechaniam, im@ving variable, non-lineer sensitivity, 90 designed 
aa Co combine Kinseutic leed correction wich is direstly generated in 
tuke chamwas, with the other corrections of the firs costrol prodles 
Care Sol anole =liy elsewhere in the oamuter. 


slow. Problems solution is further slewed by the aethod o/ smovthing 
weed, consisting of driving the channel escheniom at ebeat j spaed and 
for lb ssoamts delay time tefore shifting to tigh speed. 

20) Selusion time of the system ie chiefiy a fumetion of the 
total correction channel, increasing in 9 general linear feshion as the 
seount of lead correction required in s cives problem incramses. Curves 
ef solution time versus total correction required are drawn. (Meference 
Migse 20 an¢ 71.) it must be noted, however, that solution time is act 
a simple function of the problem being solved ainece the computer is not 
self=seroing Dut starte towards tne new solution from the values remein- 
ing set in from the previow problem. 

11) The eomputer ualt, considered in ite entirely, Ciscrisiastes 
agoinst the high veloelty problem in both the range and totel correction 
chamnelse Consequently, solution time sand errors in solution ars greatest 
when repid solution and good accurncy sre most needed. 

12) The overell design of the computer anit is such as to pre~ 
vent adequate introduction of synthetic »reblems for lavorstory testa 
wiiess uaed in conjuaction with the gichting station. 


The computation gysiem of the Central Sietion Mire Control System 
wees foumd yeneraliy adecuate in principle and statie sensitivity. fhe 
weak fastaures of the design sre cidefly cawmed by coor cynesic response 
an thw servomechanian chennelae Tuccestied recommenations fer imreving 
this rexporwee are: 

1} ‘*aising of the natural frejuency of all servomechani sus 


used in the computer by a fector of at lemet 32 and preferably more. 


= 
(yom Girouwlt developeente persit recy aevampli simest of tikes by uno 
of eulwhie alertrie aetworks. 

2) mdertibenton of comtimous type servoschastams for the 
viens aould be the idasl solution. 
3) Isprovement in the macdimum driving speed of a1] isgat 








Twther staly into the performance of the Central “tetion Fire 
commrul Syetam remine to be endertaken. The following lines of attack 

1) Gvywrall response characteristics of the total correction 
shawwl, wth jerticuler reference to smoothing of tracking “ecrepen- 
Glew, cen be obteined throuch use of a sighting station in conjunction 
with the computer, oselllating the sight head at varlous frejuencies to 
oni > transfer locus study. 





2) The lead gyroscope sensitivities can be datereiland by 
rOtallm the sighting etetion at kom enculer velocition anc moseart ag 
the ecection coll currents required to open ths total correction motor 
Contests. 

3) Overall sensitivity of the computer-sight costinstion can 
be Geteraiaed ly introducing simple problars to the system ead observing 
the values of totel correction gencratec. Accuracy of thio sensitivity 
Geo br thanked against theoretical computations oased on the same sample 
provlems. 
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LEAD COMPUTATION SCHEMATIC 











Zero position of input, 6,, set at 375 yards range. 


Amplitude of @, for sinusoldel variation = 25 yards 
(equivalent to 2.00 units magni tude). 


TABLE I 


Frequency Analysis Data for Renge Channel. 





Date taken for a closing rence from 1200 to .Q yarme: 


Cathode Ray Osci Lloseope calibration - 3 inch ceflection 
ey valent v9 1.500 volts. 


TABLT II. 
Data for Velocity Study of Range Channel. 





TABLE ili. 


Range Sensitivity Deta. 





wawciom Range-Exta Inpute at Variews Renges. 





TABLE V- 


Frequency Yetponee Study for the Amuimuth Channel. 
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